The volume of blood sampled for blood culture determines its sensitivity. We measured low mean blood volumes in submitted aerobic (8.38 ؎ 3.88 ml) and anaerobic (7.16 ؎ 3.83 ml) blood culture bottles. Educational seminars were held for phlebotomy teams, and renewed measurements thereafter revealed significantly higher blood volumes in submitted aerobic (9.77 ؎ 4.42 ml) and anaerobic (8.30 ؎ 3.64 ml) bottles. Education of phlebotomy teams improves the blood volume in blood culture bottles and should be part of quality control procedures.
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T he volume of blood sampled is the key determinant of the sensitivity of blood cultures (1, 2) . At least two sets of blood cultures should be obtained per septic episode (1, 2); for each set, the optimum lies at 20 ml, i.e., 2 bottles of 10 ml of blood; each milliliter missed decreases the sensitivity by 3% (3). Monitoring of blood volume submitted for blood culture is thus an important quality control measure (2) . Within this study, we measured blood volumes in submitted culture bottles and measured the effect of an educational seminar for the phlebotomy teams on blood volumes in culture bottles.
We used the Bactec 9000 system and its supplies (BD Biosciences, Erembodegem, Belgium). Newly submitted sets of bottles (1 Plus aerobic/F bottle and 1 Plus anaerobic/F bottle) as well as sets flagged negative after 5 days of incubation were weighed. We used one Mettler Toledo (model PB 1502-L) balance for all measurements. Unused blood culture bottles were weighted to obtain mean weights and standard deviations. Six uncapped unused aerobic blood culture bottles had a mean weight of 142.6 Ϯ 0.5 g; six uncapped unused anaerobic blood culture bottles had a mean weight of 138.1 Ϯ 0.7 g. We tested the vacuum of one uncapped set; the vacuum of the aerobic bottle drew in 25.6 ml of water, and that of the anaerobic bottle drew in 18.7 ml.
To measure the volume of blood in bottles, we subtracted the mean unused bottle weight from the full bottle weight. The weight difference in grams was divided by the density of blood (1.060 g/ml [4] ) to measure the volume of blood in the bottle. We used a volume of 8 ml (i.e., 2 ml below the recommended volume) as the minimal norm, as previously proposed (5) . All data were stored and analyzed using SPSS version 18.0 (IBM).
In experiment 1, we weighed a total of 150 sets of two bottles: 90 sets labeled negative and 60 sets of newly submitted bottles; the results are given in Table 1 . Forty-nine percent (74/150) of the aerobic and 61% (92/150) of the anaerobic bottles had a low volume of blood (Ͻ8 ml). Within sets, volumes in aerobic and anaerobic bottles were related, i.e., if the blood volume in the aerobic bottle was low, the volume in the anaerobic bottle was also low (Fig. 1A) . This internal consistency of volumes within sets implies an important role of the phlebotomist in the volume of blood inserted into the bottles.
An educational seminar was set up for all phlebotomy team members involved in blood sampling for blood culture in our hospital, which summarized the studies on the associations between blood volume sampled and sensitivity of blood culture (reviewed in references 1 to 3), as well as the results of experiment 1. Three educational sessions were held at the two hospital locations within a 1-week time frame, to ensure that all staff would be able to attend. In experiment 2, 1 week after the educational seminars, another 157 sets (78 newly submitted sets and 79 sets labeled negative after 5 days of incubation) were weighed using the same methodology. In these sets, the percentage of bottles with low blood volume decreased to 36% (57/157 aerobic bottles) and 54% (84/157 anaerobic bottles) (Table 1) , respectively. The mean blood volume in the bottles was significantly increased (Table 1) . We observed similar internal consistency in volumes of aerobic and anaerobic bottles in the 78 newly submitted sets of experiment 2 (Fig. 1B) .
Education of the phlebotomy team improved the blood volume in bottles submitted for blood culture, which reconfirms the importance of monitoring these volumes as part of laboratory quality control programs. The 49 to 61% of bottles with low blood volume observed in experiment 1 are higher than figures from previous studies, where rates of 20% (3), 26 to 36% (5), and 40% (6) have been reported. The educational seminars restored this rate to within these previously published ranges, at least for the aerobic bottles ( Table 1) .
The higher frequency of low volumes in the anaerobic bottles than in the aerobic bottles remains unexplained. As aerobic bottles are usually filled first, this may represent an effect of occlusion of the punctured vein, after prolonged exposure to the negative pressure induced by the vacuum of the aerobic and later anaerobic bottle. Alternatively, it could be a result of the milder vacuum in anaerobic bottles than in aerobic bottles, although we have not tested this in large series of bottles. This is an issue that warrants specific attention by phlebotomists and may even warrant two separate phlebotomies in selected patients. The decreased sensitivity associated with inadequate sample volumes is not the only reason to routinely measure sample volumes and continuously instruct phlebotomy teams. In previous studies, samples with inadequate blood volume were also more prone to yield growth of contaminants, although the cause of this phenomenon could not be established. It has been hypothesized that the ratio of contaminating bacterial load to blood volume provided sufficient contaminant concentrations to grow and yield a positive result within the routine incubation period (6, 7) .
The effect of a single series of educational seminars was positive, but the long-term effects were not measured in the current study. This effect is likely to diminish over time. Hence, such educational activities, as well as the monitoring of their effect on sample volume, should have a recurrent rather than incidental character (2).
In conclusion, education of phlebotomy teams can help to improve the volume of blood in blood culture bottles and thus aid to optimize the sensitivity of blood culture. These educational activities should be a continuous part of laboratory quality control procedures.
